Objectives: The goal of this study was to compare the results of evaluating the success of spinal cord stimulation (SCS) using the Visual Analog Scale (VAS) and a Scaling Pain Relief (SPR) measurement. Methods: This prospective study included 29 patients, who were considered good candidates for an SCS trial. In the immediate post trial period, immediate post implant period, and one-month post implant period, pain relief was assessed by VAS percent change and using an SPR measurement (direct patient report of pain relief). Statistical analysis of the results included a repeated measures analysis of variance (ANOVA) comparing VAS percent change versus direct patient report of percentage of pain relief (SPR) at the post trial, post implant, and one month follow-ups for all patients that received a permanent implant. Results: Twenty-one patients had a successful trial and 20 were implanted with a permanent system. There was a strong positive correlation between the two pain relief measures at every measured timepoint. Direct patient reports of percentage of pain relief (SPR) were statistically higher than VAS percent change at the post trial period. Seven patients were considered good candidates for implantation based on the SPR measurement, but not VAS percent reduction. These patients went on to achieve clinically significant changes. Discussion: SPR measurements such as direct patient reports of pain relief should be considered in place of VAS percent change when determining SCS trial success.
INTRODUCTION
Spinal cord stimulation (SCS) is a very important, and progressively expanding part of the pain management continuum. The modern era of SCS had its beginning with the first report of spinal cord stimulation using an intrathecally placed lead in 1967 [1] . Over the next thirty years, this modality underwent significant transformation and expansion in both the use and variety of technologies. In the beginning of the 21 st century, it has become a very popular, widely used mode of treatment [2, 3] , and our knowledge in this field has increased tremendously. At the same time, this improvement in the scope of knowledge has demonstrated that we still have many unanswered questions. One of these issues is the selection of appropriate patients for spinal cord stimulator implantation. The ability to go through a minimally invasive trial, in order to determine the future success of implantation, is an extremely attractive feature of this modality of treatment. The trial period has undergone many improvements over the years. It has been transformed from an "on the table trial" for a few minutes, to an ambulatory trial, lasting from a few days to a period of a few weeks. In the latter case, the trial lead is internalized and used as a "permanent" lead if the patient goes on to implantation. Currently, the most common method of SCS trialing is placement of a temporary, percutaneous lead for a period of 3 -7 days [4] . Despite these changes in the technique and duration of the trial, the definition of a successful trial has stayed the same: 50% or better pain reduction based on a comparison of Visual Analog Scale (VAS) measurements before and after the procedure [5] . The same criterion is also used for the assessment of outcomes of permanent implantation, but with the addition of a satisfaction measurement [6] .
Data collected by the author's personal communication with 78 implanters revealed that the vast majority did not rely on the VAS in assessing the results of a trial, but rather on direct patient reports of pain relief such as the Scaling Pain Relief (SPR) measurement. The SPR measurement is a direct rating of pain after certain treatment modalities expressed in percentage of pain relief where patients are asked to estimate the percentage of pain relief they experience or a "categorical" VAS with anchors of "no change" to "100 pain relief" may also be used. In addition, we collected information from sales representatives working with St. Jude Medical Neuromodulation, Inc. (Plano, TX) and Medtronic, Inc. (Minneapolis, MN). They obtained information from an additional 158 implanters. Sixty-eight percent of these implanters never use the VAS during the trial as an outcome measurement, while only 2% rely solely on the VAS. This stresses the strong need to reassess the use of different methods of pain measurement in the practice of SCS.
Our personal method of assessing the degree of pain relief with SCS has changed over the years from the VAS to the SPR measurement. This was the result of our group's experience in a few thousands patients, that led us to believe that the VAS score was not the easiest, and probably not the most accurate, way of measuring the success of the SCS trial.
To confirm this observation, we performed a prospective study comparing the utility of the VAS and the SPR measurement in patients who were scheduled for an SCS trial.
MATERIALS AND METHODS
Twenty-nine consecutive patients, with a variety of chronic, intractable pain problems and who were considered to be good candidates for SCS trial, were included in the study. All SCS trials took place within a 45 day period. All patients were asked to measure their pain using the VAS immediately prior to the trial (baseline). Three days after the SCS trial procedure, prior to removal of the trial lead, all patients again quantified their pain using the VAS. VAS percent change was calculated by subtracting the post-trial VAS score from the baseline VAS score and dividing by the baseline VAS score. Patients were also asked to assess the degree of pain relief with SCS using the SPR measurement of direct patient report of percentage of pain relief. Patients that reported a 50% or greater reduction in pain on the SPR measurement at the end of the trial period were considered good candidates for implantation. These patients were implanted an SCS system that consisted of either a percutaneous or laminotomy lead. One week after permanent implant, patients again rated their pain level on the VAS and their pain relief with the SPR measurement. This was repeated one month post implant.
At all three points-after the trial, after the implant, and at one month post implant-we compared pain relief measured by the SPR measurement and the decrease in pain measured by the difference between baseline VAS and VAS scores at the three subsequent points of measurement.
Statistical Analysis
Pearson correlations were performed to characterize the relationship between VAS percent reduction and the SPR measurement of direct patient report of percentage of pain relief at all timepoints. A paired samples t-test was conducted to compare VAS percent reduction and the SPR measurement at the post-trial period for all patients that underwent a trial. Statistical analysis of the post-implant results was performed using a repeated measures analysis of variance (ANOVA) comparing VAS percent change versus direct report of pain relief (SPR) at the post trial, post implant, and one month time intervals. Differences were considered significant at p values < 0.05.
RESULTS
Of the 29 patients that underwent a trial, eleven patients (37.9%) were male and eighteen (62.1%) were female. Pain relief percentages for VAS and the SPR measurement at the post-trial period are shown in Figure  1 . The mean (±SD) VAS percent change at the post-trial assessment was 41.5 (±26.1)% and the mean (±SD) direct patient report of pain relief was 51.2 (±29.5)%. This difference was statistically significant, t(28) = −4.67, p < 0.001. Twenty-one out of 29 patients had a successful trial, defined as achieving a 50% or greater reduction on the SPR measurement, and twenty underwent implantation of a permanent SCS system. In contrast, only 13 patients achieved a 50% or greater reduction on the VAS during the trial period. Nineteen patients (65.5%) achieved a greater percentage of pain relief as measured by the SPR measurement than by the VAS, 7 patients (24.1%) achieved the same percentage of pain relief on both measures and 3 patients (10.3%) of patients achieved a lower percentage of pain relief as measured by the SPR measurement than by the VAS.
Of the 20 patients that received permanently implantation of the SCS system, six (30%) were implanted with a laminotomy lead and the remaining 14 patients (70%) were implanted with a percutaneous lead. Mean VAS percent change SPR for all implanted patients (N = 20) at the post-trial, 1 week and 1 month assessment are shown in Figure 2 . The mean (±SD) VAS percent change for these patients at the post-trial assessment was 54.0 (±18.7)% and the mean (±SD) direct patient report of pain relief was 66.8 (±18.7)%. At the 1 week assessment, the mean (±SD) VAS percent change was 46.8 (±22.0)% and the mean (±SD) direct patient report of pain relief was 55.0 (±23.2)%. The VAS percent change and the direct patient report of pain relief remained stable at the 1 month assessment with patients reporting a mean (±SD) VAS percent change of 44.5 (±23.4)% and a mean (±SD) direct report of pain relief of 52.3 (±28.6)%. Direct patient reports of percentage of pain relief (SPR) were statistically higher than VAS percent change only at the post trial period for all patients that were permanently implanted, F(1, 38) = 4.61, p < 0.039. There were no significant differences in pain relief measurements at any timepoint between percutaneous and laminotomy implants, all Fs < 0.01, p > 0.05.
An evaluation of the 7 patients that achieved a 50% or 
DISCUSSION
Patient selection and an adequate trial are the most crucial components of successful treatment with SCS. A vital part of this process is a correct interpretation of the SCS trial results with regards to pain relief. The VAS has been the "gold standard" method of objectively assessing this relief [7] . The difference in VAS scores before and after the procedure should be equal to or exceed 50%, in order to qualify the trial as being successful [5] . It is not surprising that the VAS was selected for this purpose. It is the most popular and widely used pain measurement tool. A review of randomized controlled studies of musculoskeletal pain showed that the VAS was, by far, the most commonly used method of quantifying outcomes [8] . Other authors also claim that the VAS is superior to other pain scaling methods [9, 10] . One study revealed that their study subjects also preferred the VAS to numeric rating scales (NRS) [11] .
However, a closer look at the literature dedicated to the measurement of pain shows that the "superiority" of the VAS is not a universally accepted concept. One study showed that 7% to 11% of the patients were unable to complete the VAS or found it confusing [12, 13] . It turned out to be an even bigger problem in an older population. Multiple studies confirmed that older subjects had more difficulty completing the VAS and, as a result, the VAS had poorer psychometric properties than other scales [13] [14] [15] [16] . More recent studies have also shown the advantages of using the NRS, and some other measurements, instead of the VAS [17] [18] [19] [20] [21] . Not surprisingly, a panel of experts has also suggested using the NRS, instead of the VAS, as a method of assessment of pain intensity in outcome measurement studies [22] .
There are even more issues related to the use of the VAS as a measure of pain relief after a specific treatment. Patients without chronic pain have a reasonably accurate memory for pain, such as postsurgical pain, for up to a week [23, 24] . For chronic pain conditions, when the intensity of pain is being compared over a period of time, the situation is completely different. It was shown that the intensity of the current pain produced a distortion of the memory of prior pain, independent of treatment outcome [25] . Another author believes that the use of the VAS as an indicator of pain relief is not the best choice [26] . The validity of the VAS in the assessment of procedural outcomes in the chronic pain population is also unsatisfactory according to some studies [26, 27] .
A more optimal method of measuring the results of an analgesic treatment seems to be the use of the SPR, since "it does not require a pain-challenge stimulus and it does not rely on pain scores" [28] . While it is not an optimal tool in post-operative pain, it works much better in the chronic pain environment when the patient is well aware of his pain, which is relatively constant [28] .
In the only comparison between the VAS and SPR in SCS patients [29] , the SPR not only showed a significantly higher degree of pain relief (63% vs. 46%), but also showed an increase in treatment success, based on pain relief from 59% to 83%, which was much more in line with treatment success in the same group measured by patient satisfaction (87%). Review of the literature confirms that the majority of studies have a similar discrepancy between satisfaction rate and successful reduction of pain level, measured by the VAS (29) .
One more important issue for future consideration is the arbitrarily selected "50% pain reduction" as an indication of successful treatment. As eloquently stated by Seres [30] , "by choosing such a low level for acceptable outcome, are we treating more our patients' needs or our requirements for something upon which to justify what we do?"
CONCLUSION
In our opinion, the comparative use of VAS scores to measure the success of a spinal cord stimulation trial, or permanent implant, should be replaced with the SPR measurement of direct patient report of percentage of pain relief.
